Abstract: The purpose of this study was to evaluate the 12-month clinical performance of glass ionomer restorations in teeth with MIH. First permanent molars affected by MIH (48) were restored with glass ionomer cement (GIC) and evaluated at baseline, at 6 and at 12 months, by assessing tooth enamel breakdown, GIC breakdown and caries lesion associations. The data were analyzed using the chi-square test and actuarial survival analysis. The likelihood of a restored tooth remaining unchanged at the end of 12 months was 78%. No statistically significant difference was observed in the association between increased MIH severity and caries at baseline (p > 0.05) for a 6-month period, or between increased MIH severity and previous unsatisfactory treatment at baseline (p > 0.05) for both a 6-and 12-month period. A statistically significant difference was observed in the association between increased MIH severity and extension of the restoration, involving 2 or more surfaces (p < 0.05) at both periods, and between increased MIH severity and caries at baseline (p < 0.05) at a 12-month period. Because the likelihood of maintaining the tooth structures with GIC restorations is high, invasive treatment should be postponed until the child is sufficiently mature to cooperate with the treatment, mainly of teeth affected on just one face.
Introduction
Molar incisor hypomineralization (MIH) was defined in 2001 as a qualitative enamel defect of systemic origin. It affects from 1 to 4 of first permanent molars and can also be associated with permanent incisors. 1 The etiology remains unknown, but recent studies simulating the same types of spots in rats exposed to Bysfenol A 2 indicate that the insult occurs in children about 7 months old, 3 presents genetic involvement, 4, 5 and suggests a link between MIH and health problems during pregnancy, and also environmental factors. 6 The world prevalence of MIH ranges from 2.4% to 40% 7 . Clinically, hypomineralized enamel presents as a white to yellow or brown porous opacity, 8 with borders that are well-defined and distinct from healthy enamel. 9 At times, the opacity is so porous that the teeth may break immediately after eruption, leaving the dentin exposed and enabling dental caries lesions to develop. 10, 11, 12 Teeth affected by MIH have a high
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degree of porosity, extending to the amelodentinal junction. 13 The yellow and brown opacities present as microscopically porous, 9 with a higher clinical risk of breakdown than that of the white opacities.
14 Treatment includes preventive procedures indicated only in cases where there is no structural tooth loss, or else conservative or invasive restorations with removal of the affected area. 15 However, there is no scientific substantiation for complete or premature removal of the affected area. 16, 17, 18 Based on the above considerations, the purpose of this longitudinal study was to evaluate the clinical performance of glass ionomer restorations in teeth with MIH for a period of 12 months.
Methodology
This study was approved by the Research Ethics Committee of the Araraquara Dental School, São Paulo, Brazil (protocol #41/09), and was conducted after the parents or guardians of the children provided their written, free and clarified consent.
Subjects
This prospective cohort study included 21 children, 6 to 9 years of age, diagnosed with MIH at the Pediatric Dentistry Clinic of the Araraquara Dental School in São Paulo, Brazil. More specifically, it studied 48 of their first permanent molars affected by unsatisfactory atypical restorations and post eruptive breakdown, and associated with or without caries.
The participants in this study were selected from a previous epidemiological survey composed of 1,157 children, with 12.3% MIH prevalence. The children diagnosed with MIH and presenting the inclusion criteria were invited to participate. 19 
Treatment
All the patients in this research received weekly applications of 5% fluoride varnish (Duraphat ® Colgate, New York, USA), over a one-month period, as well as oral hygiene instructions. The teeth affected by MIH with structural loss but without tooth decay were restored with GIC (Ketac Molar Easymix, 3M ESPE, São Paulo, Brazil), under absolute isolation, without removal of the area affected by MIH. The teeth with structural loss and caries lesion, or non-satisfactory atypical restorations, were also restored with GIC, under absolute isolation, after the decayed tissue or the deficient restoration was removed by low or high rotation, respectively. The tissue affected by opacities without caries lesion was preserved. The glass ionomer restoration was referred to as an "atypical protective restoration". All teeth that received restorative material were sufficiently erupted to undergo absolute isolation. The same dentist operating under the same conditions and using material from the same lot performed the restorations.
After all the teeth were restored, they were photographed, and impressions were taken using silicone condensation trays (Zetaplus System, Zhermack, Badia Polesine, Italy). The molds were cast with special stone models (Durone IV, Dentsply, Petrópolis, Brazil), to document and compare the integrity of the restorations in subsequent evaluations.
Evaluation
The clinical exams were performed in a clinical environment, with mouth mirrors recommended by the World Health Organization, 20 under artificial light, and subsequent to cleaning and drying with sterile gauze. A blinded and calibrated examiner clinically evaluated the restoration at baseline, six and twelve months.
Calibration and reproducibility
The examiner was calibrated according to the DMFT index criteria for tooth decay. 20 The scores indicating "Treatment needs for individual teeth", 20 established by WHO criteria, were employed to determine if treatment was required. MIH diagnosis was based on criteria proposed by the European Academy of Pediatric Dentistry (EAPD). 10 The examiner evaluated 32 clinical photographs of patients from the Pediatric Dentistry Clinic of the Araraquara Dental School in São Paulo, Brazil. A discussion with the MIH research team followed to establish all the indexes, codes and criteria to be used. After reaching an agreement, 30 patients presenting with enamel alterations (17 from MIH) were evaluated. These patients were not included in the research. After 2 weeks, the patients were evaluated again, and the Kappa index was used to verify the agreement between the evaluations. The gold standard was an experienced examiner. The intra-administrator values for tooth decay and for MIH were greater than 0.91.
The MIH severity of each tooth was graded at baseline, according to the most severe defect of the tooth surface. The structural loss and the presence of non-satisfactory atypical restorations were noted, in that the latter was more severe.
The extent of tooth caries was determined by the presence of tooth-decayed surfaces (DMFT index). The need for treatment was defined by the presence of one and two or else more surfaces in need of rehabilitation. Sealant treatments and preventive care were not considered as criteria for needing treatment. Teeth requiring endodontic treatment and extraction were excluded.
An increase in MIH severity in teeth with atypical protective restorations was defined as the presence of tooth surface breakdown or restorative material failure.
The restorations were evaluated according to the restoration quality criteria proposed by the United States Public Health Service USPHS-Modified, 21 and were classified as satisfactory or unsatisfactory, according to Table 1 . When a restoration failure was observed, new molds were made and photographs were taken to determine the location and extent of the breakdown, as follows: limited to the material only, limited to the tooth surface only, or extending to both material and tooth surface. The findings were then compared with the baseline. When the tooth restoration was considered unsatisfactory, the restoration was replaced and the tooth was excluded from the study.
Statistical analysis
The data were analyzed using the Statistical Package for Social Sciences computer program, version 16.0 for Windows (SPSS Inc., Chicago, USA). Descriptive statistics were used to present the results. Associations between the categorical variables were assessed using Fisher's exact test at a significance level of 5%, and relative risk (95%CI). Survival of the MIH restorations was evaluated by the technique of actuarial methods.
Results
The average age of the participants was 7.7 years old (6.37 -9.54), and 57.1% of the sample was male. Of the 48 molars included in this study, 69.3% had structural tooth loss and 30.7% presented unsatisfactory atypical restorations at baseline. MIH severity changed during the period studied, due to the breakdown of protective restorations. Failure was recorded in four restorations after 6 months, and six teeth had restoration failure at 12 months. The cast molds and photographic evaluations evidenced that 2 restored teeth (20%) restorative material loss, whereas 8 restored teeth (80%) had restorative material loss associated with tooth structure breakdown. The likelihood of a restored tooth remaining unchanged at the end of 12 months was 78% (Table 2) . No statistically significant difference was observed in the association between increased MIH severity and caries at baseline (p > 0.05) for a 6month period, or between increased MIH severity and previous unsatisfactory treatment at baseline (p > 0.05) for both a 6-and 12-month period.
A statistically significant difference was observed in the association between increased MIH severity and extension of the restoration, involving 2 or more surfaces (p < 0.05) at both periods (Figures 1 and 2) , and between increased MIH severity and caries at baseline (p < 0.05), for a 12-month period (Table 3) . Eight of the 10 teeth had caries associated with a failed restoration.
Discussion
MIH-type enamel alterations pose a great challenge to all dentists. Longitudinal studies on the clinical performance of restorations of affected teeth are extremely important in backing up decisions regarding treatment. Studies to evaluate the restorations in MIH-affected teeth are rare. This is what motivated this study, designed to obtain higher quality clinical findings and descriptions of restored MIH teeth, through clinical examinations, photographs and cast molds.
All of the 48 molars affected by MIH received GIC restorations and only 10 teeth presented restoration failure during the observed period, 80% due to material loss and tooth structure breakdown and, 8 cases of restoration failure associated with caries.
Given the uncertain prognosis and susceptibility to caries, patients with MIH require special attention, and present with 10 times more need of treatment than patients without the condition, 22 even those patients with low caries activity. 23 Early diagnosis is essential, in conjunction with the use of preventive or curative treatment, because of the rapid breakdown rate of the structure, and consequent exacerbation of the symptoms.
15,24
A very useful 6-step management approach for MIH has been proposed 25 and was followed in this study: risk identification, early diagnosis, remineralization, prevention of dental caries and post eruptive enamel breakdown, restorations or extractions, and maintenance.
The indications for treatment of teeth affected by MIH vary according to the degree of severity. Treatment includes preventive procedures provided only in cases where there is no structural loss, and conservative or invasive restorations when the affected area must be removed. 15 In the present study, we observed that new breakdowns occurred even when a conservative treatment was applied, consisting of fluoride varnish application and glass ionomer cement restoration. However, these breakdowns occurred at low rates, a finding that leads us to infer that complete or premature removal of the affected area is not justified. 16, 17, 18 Glass ionomer cement facilitates the mineralization process and protects the remaining structures from tooth caries lesion formation and tooth sensitivity. In addition, because glass ionomer cement has a coefficient of thermal expansion similar to the tooth structure, it is a good choice for restorations of teeth with MIH. However, the deficient mechanical properties of glass ionomer cement, 26 associated with the disorganized structure of MIH, 27 can result in the reduced longevity of GIC restorations. The pore incorporation inside the material, resulting from its manual manipulation and insertion, is also a factor to bear in mind, since it can alter some GIC properties. 28 Nevertheless, the likelihood of maintaining complete protection throughout 12 months was 78%. Studies with longer observation periods are needed to confirm the success of the treatment.
According to the literature, Ketac TM Molar Easymix (3M ESPE, São Paulo, Brazil) offers good performance in regard to compressive strength and solubility, and better values than the other materials in regard to early flexural strength and acid erosion. 29 Ketac TM Molar Easymix (3M ESPE, São Paulo, Brazil) high-viscous glass ionomer is widely used in atraumatic restorative techniques, and presents cumulative single-surface survival rates in permanent teeth, reported at 86.5 and 80.9% after 1 and 2 years, respectively. 30 This data is similar to that found in this study for teeth with MIH.
School-age patients naturally find it difficult to collaborate in studies of this type. This factor, together with the clinical features of MIH, which include exacerbated sensitivity and difficulty in anesthetizing, can impede proper professional action. Therefore, conservative treatment is recommended mostly until younger children become mature enough to understand and cooperate with more complex treatment and rehabilitation procedures.
Conclusions
The probability of maintaining tooth structure integrity in molars affected by MIH and restored with GIC was found to be high, mainly in single-surface tooth restorations. Considering this finding, together with the ages of the children and the developmental stage of the affected teeth, it can be concluded that invasive treatment -complete removal of the affected area -should be postponed until the child is mature enough to understand and cooperate with more complex rehabilitation and treatment procedures.
